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Motivation 

Presenter
Presentation Notes
Chris Yates and Mike Ford have already presented the management and science priorities for Southern Resident killer whalesBoth highlighted the importance of improving our understanding of the coastal distribution of killer whales and factors limiting their recovery such as prey availability.[These priorities reflect:the recent petition to extend critical habitat to include coastal waters off the US;Section 7 consultations on actions that impact Chinook salmon;the need to coordinate with salmon recovery efforts to prioritize actions that benefit Southern Resident killer whales.Note. Critical habitat is defined in terms of physical and biological features, so prey may be an important component of critical habitat — the current designation for SRKW identified “prey species of sufficient quantity, quality and availability to support individual growth, reproduction and development, as well as overall population growth” as a biological feature necessary for the conservation of Southern Resident killer whales.]



 

• What can we infer about their year-
round distribution patterns, including 
coastal waters? 
 
 

• What can we learn about which fish 
stocks, or groups of fish stocks, are 
critically important for Southern 
Resident killer whales? 
 

Purpose 
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Presentation Notes
I’m working with colleagues at NWFSC to develop a spatially-explicit individual-based foraging model for SRKW to support these management needs. The IBM will integrate available data within a single analytical framework to address two questions in response to these management needs:



n Kcal 

n Kcal 

n Kcal 

Overview 
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Presentation Notes
The IBM has the following main components:A prey field that represents information on the spatial distribution and seasonal distribution of prey throughout the range of SRKW, as well as interannual variation in abundanceIndividual killer whales that travel in pods or smaller groups through their range, searching for and consuming preyThe main currency of the IBM is energy—daily energy requirements are offset by energy consumed.We can then construct various annual energy indices and explore patterns of correlation with annual survival and reproductive success.Current status: this is a work in progress. A preliminary version of the model has been developed and we are now working to develop some components more fully and refine others.



Source: Ward et al. 2013 

Source: Myers 2012 Source: Weitkamp 2010 

Prey field 

Source: CRITFC 
Mid-April October 
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The prey field includes most of the Pacific salmonids and several groundfish.For Chinook salmon, we plan to build on the Pacific Salmon Commission’s cohort reconstruction models and coded wire tag data to simulate the spatial distribution of both mature and immature Chinook salmon throughout their range of SRKW and throughout the year. This component will provide information on when and where Chinook salmon  are available as prey to Southern Resident killer whales. It will include both mature and immature Chinook e.g. 3-year olds and 4-year olds that are in coastal waters within the range of SRKW but are not yet ready to spawn and may still be far from their natal river system.



Source: Noren 2011 

Individual killer whales 
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Presentation Notes
The IBM focuses on individual killer whales…In each year, modeled killer whales are based on census data collected by the Center for Whale Research – individuals are of known sex, age, and reproductive status, and from that information we can estimate body mass and daily energy requirements using equations developed by Dawn Noren of NWFSC.



Movement patterns -> prey consumption -> energy balance 

Source: Bigg et al. 1990 

Source: O’Neill et al. 2014 
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In the IBM, individuals travel through their range in groups that are based on known association patterns among closely-related matrilines within pods derived from sightings data. Modeled killer whales use prior knowledge about the distribution of prey and a set of decision rules to guide movement patterns as they search for prey.At each location, modeled killer whales select among available prey types primarily in terms of prey energy density – Chinook salmon and coho, for example, have much higher energy densities than chum salmon.[One thing we’ve learned so far is that gut capacity may be a significant constraint esp. for younger animals – even if low energy prey is abundant and easily captured, individuals may not be able to digest it fast enough to meet their daily energy requirements.]We can then use information on the average size and energy density of selected prey types to calculate the daily energy intake of modeled killer whalesWe can then compare that to the daily prey energy requirements estimated by Dawn Noren and construct various annual energy indices, e.g. the average ratio of energy consumed vs energy required; the maximum energy deficit; the maximum number of consecutive days in deficit etc.



Survival and reproductive success 

𝑙𝑜𝑔𝑖𝑡�𝜑𝑖,𝑦� = 𝛽𝑠𝑡𝑎𝑔𝑒(𝑖) +  𝛽1𝐸𝑖,  𝑦

Survival model: 

𝑙𝑜𝑔𝑖𝑡�𝐹𝑦,𝑖� = 𝛽1𝑎𝑔𝑒𝑖,𝑦 +  𝛽2𝑎𝑔𝑒𝑖,𝑦2  + 𝛽3𝑎𝑔𝑒𝑖,𝑦3  +  𝛽4𝑎𝑔𝑒𝑖,𝑦4 + 𝛽5𝐸𝑖,𝑦−  1

Recruitment model: 
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We can then incorporate these energy indices into models of survival and recruitment. 



Source: Hanson 2012 

Performance metrics: diet 
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Preliminary model output: seasonal diet 

Groundfish 
Chum 
immature Chinook 
mature Chinook 
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How well does the model do in terms of reproducing what we know about Southern Resident killer whales?We can evaluate model performance and refine the model by looking at three sets of performance metrics:How does the diet of modeled killer whales compare to the diet observed through focal follow studies, fecal analysis, and stable isotope analysis? [This is especially useful for evaluating patterns of relative prey availability.][Note. The slides here show output from a preliminary version of the model which doesn’t yet include all the prey types that could be important.]



Performance metrics: movement patterns 
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Outer coast Preliminary model output: K-pod movement patterns in a sample year 
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Salish Sea 

Source: NWFSC 
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2) How do the movement patterns of modeled killer whales compare to the movement patterns observed through visual sightings, acoustic detections, and telemetry studies? [This is especially useful for evaluating the decision rules that govern movement patterns.]



Performance metrics: energy balance, survival and recruitment 
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Preliminary model output: average seasonal changes in energy balance 
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L-12s 

Preliminary model output: standardized annual energy index vs change in SRKW population size 
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3a) How often do energy balances fall below thresholds associated with starvation? This set of sample results shows energy balances for K-pod and the L-12s declining in the late fall and winter and then rebuilding in spring.  Note that these are preliminary results – some prey types that may be important in the fall and winter have not yet been included.3b) How well do the various energy indices predict observed annual survival and recruitment?Note. The goal here is not to out-predict the correlation models developed by Ward et al. 2013 (although that would be a great achievement), but rather to use this as a key yardstick – the IBM needs to predict survival and recruitment reasonably well to be a useful tool for management strategy evaluation.



Purpose 

 

• What can we infer about their year-
round distribution patterns, including 
coastal waters? 
 
 

• What can we learn about which fish 
stocks, or groups of fish stocks, are 
critically important for Southern 
Resident killer whales? 
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Once we’ve built the hindcast model and are happy with the IBM’s performance, we can use it to address the questions I listed earlier …-> We can assess the sensitivity of SRKW population dynamics to changes in the abundance of various fish stocks or groups of fish stocks, and hence identify stocks that may merit special management considerations and evaluate various proposed management strategies.Previous analyses have focused on correlations between the abundance of Chinook salmon returning to spawn and the survival, fecundity, or growth rates of SRKW. Ward et al. found that survival and recruitment were most closely correlated with a coastwide abundance index, rather than with specific stocks or groups of stocks.This result may indicate that SRKW depend on a diverse portfolio stocks rather than a small number of individual stocks -> This is our main hypothesis.



Management Strategy Evaluation 

Source: CRITFC 

Mid-April October 

Source: Myers 2012 
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The IBM provides a framework for unpacking this hypothesis and investigating it further:we may need to rebalance the portfolio by investing in spring- and winter-runs; [compared to historical levels, Chinook salmon runs are now more concentrated in the summer and fall, as spring runs and the Sacramento River winter run have seen greater declines in abundance, so killer whales are probably dependent on other prey resources during the winter and early spring];but we may also need to think about the balance between stream-type and ocean-type fish;and stocks with different migration patterns as a means of hedging against variable oceanographic conditions. The IBM also provides a framework for investigating other aspects of management strategies, such as the relative sensitivity to increasing run size vs increasing run duration — for large concentrated runs with a significant hatchery component, spreading runs out over a longer time period may be more effective than increasing run size.
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